The objective of this study was to assess the chlorophyll content of corn lines at different vegetative stages and the diversity between them. The study was conducted in the experimental field of the Roque Institute of Technology (ITR) located in Roque, Celaya, Guanajuato, Mexico. We used 32 corn lines from CIMMYT and four lines from the breeding program of the ITR. The evaluation was conducted in the spring-summer cycle of 2014 at two planting dates. We used a completely randomized block design with three replications. The experimental unit consisted of two rows of five linear meters with a distance of 0.75 meters between rows. Chlorophyll was measured at six different stages: V6, VT, R3, R4, R5 and MF. The agronomic variables recorded were: PH, CH, LAC, LBC, FF, MF, PM, CC, CL, DC, RC, KR and GY. The results of the analysis of variance showed significant differences between lines, dates and their interaction. On average, 18 lines were found with chlorophyll concentrations above 51 SPAD units in the two environments. This indicated that these materials had a high potential for field performance. Using cluster analysis UPGMA method, we identified seven groups for chlorophyll and eight groups for agronomic characteristics for a breeding program. The groups were associated to the homogeneous characteristics of each variable.
Introduction
Maize (Zea mays L.) is one of the most important cereal crops world-wide as well as an important source of feed, fibre, and biofuel. Potassium (K) as one of the essential nutrients for crop plays an important role in crop growth and development, metabolism and yield formation process [1] [2] . Because of long-term agricultural production of existing cultivated land, there is about 60% of massive arable land potassium deficiency, which inhibit crop yield and quality improvement [3] [4] . The leaf senescence shortens the duration of the photosynthesis after heading, and reduces the photosynthetic production accumulation [5] [6] . Potassium deficiency in plants usually induces brown scorching and curling of leaf tips as well as chlorosis (yellowing) between leaf veins, which accelerate leaf senescence. Leaf photosynthesis consists of the several physiological processes, including light harvesting, photosystem II (PSII) photochemistry and CO2 assimilation [7] . Chlorophyll fluorescence measurements have increasingly been used as a non-invasive tool in leaf ecophysiological studies. This method has been used extensively to investigate the response of plants to environmental stress, including the effects of low potassium on the photosynthetic apparatus of crops both in a controlled environment and in the field [8] [9] .
It has been known for years that corn requires large quantities of nitrogen (N), and that the fraction of nitrogen recovered is low, typically less than 50% [10] . In Chile, the most recent estimates of the efficiency of nitrogen use in corn range from 27% to 38% [11] . Moreover, the increasing need to reduce costs, improve efficiency in the use of nitrogen fertilizers and prevent nitrate pollution, requires the use of new tools for measuring the nutritional status of crops, especially if this can be done by non-destructive methods. The ideal solution will be to keep track of leaf nitrogen levels during the period of crop development, making it possible to correct deficiencies and improve crop yields.
One way to determine foliar nitrogen quickly is by using a Minolta® Chlorophyll Meter SPAD 502 (Soil Plant Análisis Development) to measure the greenness index, which is directly related to the content of chlorophyll in the leaves of the plants. This portable equipment allows an indirect and non-destructive assessment of leaf chlorophyll content by measuring the light transmitted through the leaf at 650 nm and 940 nm. Its use has been successful in terms of assessing the nutritional status of nitrogen in several crops [12] [13] . Plants are so effective at producing energy that they can produce enough energy to grow and reproduce [14] . The author also points out that not all plants produce the same amount of energy, since it depends, on the one hand, on environmental conditions such as light, temperature, humidity, atmospheric gases, etc. and, on the other, on the type of plants. Corn has a high yield potential associated with efficient photosynthetic mechanisms; its maximum rate is 50 to 60 mg of CO 2 dm −2
•h −1 , with an optimal temperature between 35˚C and 40˚C [15] . The growth and yield of plants are closely related to environmental factors and crop management. The quantity, quality and duration of light and temperature, as well as the date and density of planting, soil moisture and chemical fertilization, particularly with nitrogen, affect the concentration of chlorophyll, the formation of biomass and grain yield. Chlorophyll is the primary photosynthetic pigment of plants; together with foliar nitrogen, it varies with solar radiation [16] . Leaf chlorophyll is closely related to the concentration of N, reflecting the nutritional status of the plant with respect to this important nutrient. Nitrogen is essential for the synthesis of chlorophyll; as part of this molecule, it is involved in the process of photosynthesis [17] Potash and Phosphate Institute, 1997. Adequate amounts of nitrogen in the plant produce dark green leaves with a high concentration of chlorophyll. The green pigment of chlorophyll absorbs the light energy needed to start photosynthesis. The objective of this research was to determine chlorophyll concentration and yield response in elite corn lines with low level of inbreeding in the Bajío region of Mexico.
The analysis of the diversity within and between corn lines, populations and hybrids, has been based on the evaluation of their morphological differences. This has the advantage that morphological differences are easily measurable, do not require sophisticated equipment and are the most direct way of assessing a phenotype. However, the morphological analysis must be performed by an expert, as the components are subject to change due to environmental factors and may vary at different stages of plant development. Like other species, corn has developed morphological adaptations in response to the environmental conditions where it grows. These adapta-tions manifest as changes in plant height, corn cob height, the number, size and angle of leaves, the number of branches of the ear, corn cob length [18] (Rodriguez et al., 2012).
Material and Methods

Plant Materials and Experimental Design
The study was conducted in the experimental field of the Division of Graduate Studies and Research of the Roque Institute of Technology (ITR), located at kilometer 8 of the Celaya-Juventino Rosas highway in Celaya, Guanajuato, with coordinates 20˚34'54.24"N and 100˚49'35.34"W and an altitude of 1767 masl [10] (INEGI, 2014). The climate is semi-warm, sub-humid BS, and C (Wo), with the average temperature ranging from 14˚C to 22˚C, and rainfall ranging from 600 -1000 milliliters per year. The soils in the region are PelicVertisol and Chromic Vertisol, with predominance of the first. These soils are clayey, slightly alkaline levels, extremely fertile and suitable to a variety of crops. We used 36 corn inbred lines (S9) and a randomized complete block design with three replications. The experimental plot consisted of two furrows 5m in length and 0.75 m apart, with a plant spacing of 17 cm, giving a population density of 85,000 plants per hectare. The experiment was established in two planting dates, the first on March 31, and the second on June 4. Planting was done manually, planting two seeds per hole at a distance of 0.25 m. The material was planted in moist soil and the first irrigation was applied at 15 days. The fertilizer formula was 240-60-00 (NPK); it was applied in two doses, the first at 35 days after planting, and the second at 75 days. We used 32 elite lines from the International Maize and Wheat Improvement Center (CIMMYT), and four lines from the improvement program of the ITR ( Table 1) .
Treatment
We determined chlorophyll concentration at six stages ( Table 2 ) using a chlorophyll meter SPAD-502 (Minolta Camera Co., Ltd., Japan). Chlorophyll concentration was measured at the following stages: V6, considering the last true leaf, VT, R3, R4, R5 and physiological maturity; in the latter stages, we considered the leaf of the main cob and performed three measurements per leaf (basal, middle and apical). The values were recorded in SPAD units. We performed a combined analysis, considering lines and dates, using the SAS software v.9.3; Tukey's test was used to compare the means (5%). We performed a morphological characterization of the 36 corn lines, of which 32 were from CIMMYT and four from the ITR; this was done in order to determine the similarities and differences between them, and to identify common groups that allow for more efficient breeding. In this characterization, we measured the following variables: plant height (PH), measured from the base of the plant to the tip of the ear; corn cob height (CH), measured from the base of the plant to the base of the cob; days to male flowering (MF), established as the day when more than 50% of the plants in the plot were releasing pollen on more than 50% of the ear; days to female flowering (FF), established as the day when more than 50% of the plants in the plot had receptive stigmas; leaves below the corn cob (LBC); leaves above the corn cob (LAC); corn cob cover (CC); corn cob length (CL), measured with a ruler graduated in cm, from the base to the tip of the corn cob, in a sample of five corn cobs per plot; diameter of the cob (DC), measured in the middle of the cob with a vernier graduated in cm, recording the average of five cobs per plot; number of rows per cob (RC) and kernels per row (KR), estimated by counting the rows and the number of grains per row in a sample of five cobs per plot and recording the average value; physiological maturity (PM), defined as the days from the first irrigation day; and grain yield (GY), estimated by harvesting all plants in the plot, weighing the grain in kg, and calculating t•ha -1 adjusted to 15% moisture. For the identification and selection of the lines, we built a matrix with the average values of the 14 agronomic characteristics from the three repetitions and the two dates, in order to generate a dendrogram by cluster analysis; the x-axis represented the Euclidean distances between genetic links, and the y-axis represented the corn lines. We used the UPGMA method (Unweighted Pair-Group Method with Arithmetic mean) to calculate the distances and generate compact and homogeneous groups in order to morphologically differentiate the groups within the lines.
Clusters of Lines
These groups allowed us to observe the grouping tendency of the 36 lines. The UPGMA method associates the lines to find closely related groups based on the Euclidean distances matrix; it calculates a distance matrix and repeats the process until all the lines are associated to a single group. The strategy computes the average distance Table 3 shows the mean squares of the chlorophyll measurements at six the development stages. It is possible to observe statistical differences (p ≤ 0.01) between lines and dates in the six stages, indicating that there is wide variability between corn lines, which exhibited different responses between dates. These results could be due to the influence of weather conditions such as rainfall, temperature and solar energy on plant behavior [19] . There were significant differences (p ≤ 0.05) in the interaction between the V6, R3, R5 and MF stages. With regard to the comparison of means (Tukey, 0.05), the averages are presented in Table 4 . The lines with highest content of chlorophyll in the V6 stage were CML 312, CML 376, CML 197, CML 311 and CML 421; in the flowering stage (VT), the lines with highest values of chlorophyll were CML 197, CML 312, CML 387, CML 202 and CML 491; in the case of the reproductive stage (R3), the lines in the first statistical group were CML 387, CML 197, CML 251, CML 247 and CML 496. There was a difference in SPAD units between the development stages, except for the V6 and VT stages; the R3 stage had the highest concentration of chlorophyll after 97 days, with a value greater than 59.91 SPAD units. The CML 312 line had the highest concentration of chlorophyll in the first statistical group. These results do not coincide with those reported by [20] , who reported chlorophyll values above 55, suggested that an adequate concentration of chlorophyll to obtain good corn yields should be above 51 SPAD units. They also mentioned that a value of 35.3 SPAD units is considered critical for corn, and is equivalent to 1.83% of nitrogen in the plant; in the present study, we found higher SPAD values. The results indicate that March provided the best environment for the corn lines, as it was then that they had the highest chlorophyll content. In the reproductive stages R4, R5 and MF, the highest values were: 53.72, 54.15 and 41.38 SPAD units, respectively. The maturation of the lines was not consistent in the chlorophyll records; although we noted that an increase in chlorophyll concentration after 107 days corresponded to stage R4, only the CML107 and CML212 lines had high SPAD values of 53.72 and 51.37, respectively, which would allow to obtain good yields, considering the data reported by [21] . Moreover, we noted that the CML197 line had its highest value, 54.15, at 117 days (stage R5); however, the chlorophyll concentration decreased at 127 days (MF). Thus, the lines with an average SPAD value above 51 units have the greatest potential, which is reflected in the fact that the best yields were obtained between 107 and 117 days. This behavior is consistent with the data obtained by [22] , who reported that the highest content of chlorophyll was found in the cob leaf when it was in the doughy stage. With regard to planting dates, the results indicate that an early date (March) provides the most optimal environment, since the lines contained and produced the highest concentration of chlorophyll in the R4 and R5 stages; the early date showed better results than the late date (June). There were also lines that did not exceed 51 SPAD units, particularly in the R4 and R5 stages, despite belonging to the first statistical group; therefore, these lines do not have a high yield potential, although they cannot be completely discarded. Figure 1 shows The information generated by the grouping allowed us to identify the more compact groups in terms of their similarity in SPAD values; similar lines could be used in hybrid combinations in a genetic improvement program [18] .
Results and Discussion
Statistical Analysis
The dispersion of the 14 agronomic characteristics of the 36 inbred lines can be seen in Figure 2 , where the main components, 1 (2.31%) and 2 (3.77%), accounted for 6.08% of the phenotypic variation observed in the 36 lines. According to the eigenvectors, the variables with more weight in the first factor were: PH, CH, LBC, FF, MF, PM, P100, CL, DC, CC and GY. In the second factor, the most important variables were: LAC, KR and RC. Considering all 36 lines, we observed that plant height ranged from 1. The variable of the number of leaves above the cob was higher than that of leaves below the cob, with an average of 7.13. Flowering was more precocious in the first date, which is explained because the temperatures in March were above 28˚C, while the temperatures declined in June. Female flowering, male flowering, physiological maturity and cob diameter showed a positive association with 0.84, 0.83, 0.79 and 0.87 respectively. With respect to cob length, rows per cob, kernels per row, weight of 100 seeds and grain yield, there were on average higher values on the first date. These results show the genetic diversity of the 36 lines in terms of appearance, health of plant and cob, precocity and yield. This variability is attributable to the selection and identification of germplasm, which could thus be used as a criterion for a future genetic improvement program [18] . The cluster analysis for agronomic characteristics detected eight groups, which were formed with 5, 11.4, 5, 1. The classification of the lines according to different planting dates and contrasting maturity cycles will help create a more effective genetic improvement program, that is, less time-consuming and less costly. This is consistent with the results of [22] , who reported the importance of identifying promising genetic material when performing a morphological characterization, as they did in 52 populations, concluding that the maturity cycle and the environment of the genetic materials are very important for differentiating them into groups and conducting a genetic improvement program. Moreover, [18] performed a morphological characterization of corn lines and concluded that clusters allow to identify lines from different environments and different maturity cycles, which can help conduct a more efficient genetic improvement program and obtain materials with a greater range of adaptation. The main components allowed to group agronomic characteristics into two major vectors.
